The optimal primary endpoint for acute graft-versus-host disease (GVHD) therapeutic trials has not been established. 
Introduction
The optimal primary and early endpoint for prospective acute graft-versus-host disease (GVHD) therapeutic clinical trials has not been established. The endpoint not only must correlate with definitive hematopoietic cell transplantation (HCT) outcomes (ie, transplantation-related mortality [TRM] or survival) but also must identify patients unlikely to respond, allowing additional GVHD therapy to be initiated in a timely fashion. A variety of endpoints have been used in clinical trials, including overall or organ-specific response to therapy at specific, usually early, time points after its initiation, TRM, and survival. [1] [2] [3] [4] [5] [6] Recently, a novel response endpoint, very good partial response (VGPR), was proposed as a practical endpoint including both diagnostic and functional criteria, 7 but it has yet to be tested.
In an attempt to determine the optimal endpoint for GVHD trials, we examined response (including VGPR) in 864 patients to standardized therapy with prednisone 60 mg/m 2 /d for 14 days, followed by an 8-week taper, at days 14, 28, and 56 after initiation of treatment and correlated these responses to TRM.
Methods

Study design
Clinical and laboratory data were systematically and prospectively collected on all patients undergoing HCT and entered into the University of Minnesota Blood and Marrow Transplant Database. All HCT protocols were reviewed and approved by the Masonic Cancer Center Protocol Review Committee and Human Subjects Institutional Review Board at the University of Minnesota. All patients and/or guardians signed the informed consent approved by institutional review board in accordance with the Declaration of Helsinki.
Between January 1990 and December 2007, 3538 patients underwent HCT at the University of Minnesota, 2406 of whom received an allogeneic transplant. Of these patients, 1149 developed grade I to IV acute GVHD. Patients (n ϭ 864) were treated with prednisone 60 mg/m 2 orally (or methylprednisolone 48 mg/m 2 intravenously) as initial therapy for acute GVHD and were the subjects for this analysis. At the time of analysis, patients had 0.8 to 17.1 years of follow-up (median, 6.9 years).
Patient and transplantation characteristics
Patient characteristics, including year of transplantation, recipient age, sex, cytomegalovirus (CMV) serostatus, and underlying diagnosis, are shown in Table 1 . Median patient age was 32 years (range, 0.2-69 years) with 35% being younger than 18 years. Standard disease risk was defined as acute leukemia in first or second complete remission, chronic myelogenous leukemia in first chronic phase, myelodysplastic syndrome without excess blasts, or nonmalignant diseases. All other patients were considered high risk.
Transplantation characteristics, including donor type, preparative therapy, and GVHD prophylaxis are shown in Table 1 . Related sibling donors and recipients were typed at antigen level for human leukocyte antigen (HLA)-A, -B, and -DRB1 unless adequate family typing was not available to determine haplotypes, in which case allele level DNA typing was performed. For unrelated donors (URDs), donors and recipients were typed for HLA-A and -B at antigen level and allele level typing at HLA-DRB1 until June 2005, when testing at the allele level for all loci was implemented. Prospective allele level typing for HLA-C was incorporated for all donor sources beginning in June 2004. HLA matching followed the definitions used by the Center for International Blood and Marrow Transplant Research. 8 For umbilical cord blood (UCB) transplants, patients and donors were typed for HLA-A and -B at the antigen level and for DRB1 at the allele level. HLA-DQ and -DP were not considered in URD or UCB donor selection.
Graft sources included HLA identical sibling bone marrow (BM) or peripheral blood stem cells (PBSCs; n ϭ 315), HLA-mismatched sibling BM or PBSCs, (n ϭ 24), well-matched 8 URD BM or PBSCs (n ϭ 79), partially matched URD BM or PBSCs (n ϭ 108), mismatched URD BM or PBSCs (n ϭ 126), single UCB (n ϭ 89) or double UCB (n ϭ 123).
Details of the preparative therapy and GVHD prophylaxis as well as supportive therapy techniques have been previously reported. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The majority (89.5%) of patients received a total body irradiation-based regimen, and 10.5% of patients received a chemotherapy alone regimen. GVHD prophylaxis differed among stem cells sources as shown in Table 1 and consisted of cyclosporine A (CSA)-or tacrolimus-based therapy in 83% of patients, T-cell depletion in 13% of patients, and methotrexate (MTX) alone in 4% of patients.
Diagnosis, staging, and grading of GVHD
Symptoms of acute GVHD were graded by standard clinical criteria, 19, 20 modified to include upper gastrointestinal acute GVHD per the GVHD consensus conference. 21, 22 Grade of GVHD refers to clinical (not histologic) grade throughout this report. Initial grade was calculated with the maximum stage in each organ within a 10-day window (Ϫ5 to ϩ5 days) of initiation of steroid therapy. Real-time staging and grading of each organ was determined weekly by the attending physician, supported by laboratory and clinical information and histologic confirmation when possible. The grading scheme was consistent throughout the study period. Although all patients' GVHD diagnoses and maximum GVHD grades were retrospectively reviewed by the Acute GVHD Grading Committee (M.L.M. and D.J.W.), the overall grade used in this analysis was determined by a computer algorithm, incorporating all available clinical and pathologic GVHD organ staging data as originally and prospectively recorded, not modified by retrospective review. Responses at weekly or biweekly endpoints were determined by review of the prospectively recorded staging and grading data.
GVHD therapy
All patients received daily, thrice divided doses of prednisone 60 mg/m 2 /d orally (or methylprednisolone intravenous equivalent, 48 mg/m 2 ) for 7 consecutive days, followed by daily, single dose, prednisone for 7 days as initial therapy for acute GVHD. Patients were maintained on therapeutic levels of CSA in 795 patients (93%) or tacrolimus in 15 patients (2%). In addition, patients with acute skin GVHD were treated with topical 0.1% triamcinolone cream or 1% hydrocortisone cream (for facial rash) 3 times daily. If a response to prednisone was observed, patients continued therapy with single daily dose prednisone 60 mg/m 2 /d orally through day 14 and then commenced a taper of steroids over 8 weeks. 21 
Measurement of GVHD response to prednisone
Response to therapy was evaluated by the attending physician and prospectively recorded weekly in the University of Minnesota BM Transplant Database by determining the GVHD clinical stage score for each time point (Ϯ 3 days). 23 Response was determined from the maximum acute GVHD stage and grade in each organ at day 14 (Ϯ 7 days), 28 (Ϯ 7 days), and 56 (Ϯ 14 days) after prednisone treatment was initiated. Complete response (CR) was defined as the complete resolution of acute GVHD symptoms in all organs, without secondary GVHD therapy. Partial response (PR) was defined as improvement in GVHD stage in all initial GVHD target organs without complete resolution and without worsening in any other GVHD target organs, without secondary GVHD therapy. VGPR was defined as improvement in GVHD in all initial GVHD target organs, with maximum stage I involvement in one or more organs (except upper gastrointestinal tract), without secondary GVHD therapy. No response (NR) was defined as the same grade of GVHD or progression of GVHD in any organ or death, or the addition of secondary GVHD therapy. Progression was defined as worsening GVHD in at least 1 organ with or without amelioration in any organ. Steroid resistant acute GVHD was defined as progression of acute GVHD after 4 days of treatment with prednisone or no improvement of acute GVHD after 7 days of treatment with prednisone. Patients with steroid resistant GVHD were treated with secondary therapy and were considered to have NR. If patients experienced a flare of acute GVHD during the steroid taper and required therapy with a boost of steroids or the additional GVHD therapy, they were also considered to have NR.
Supportive care
Patients received antibiotic prophylaxis suitable for the functionally hyposplenic state accompanying GVHD. Broad-spectrum intravenous antibacterial and as indicated antifungal antimicrobials were used when patients developed fever. Patients received acyclovir prophylaxis if they BEST ENDPOINT FOR ACUTE GVHD TREATMENT TRIALS 5413 BLOOD, 1 JULY 2010 ⅐ VOLUME 115, NUMBER 26 For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From were seropositive for herpes simplex virus and/or CMV. Oral trimethoprimsulfamethoxazole was given for Pneumocystis carinii pneumonia prophylaxis. CMV seronegative recipients received CMV-safe (seronegative or filtered) blood products.
Statistical analysis
The statistic was used to measure agreement between response at days 14, 28, and 56. 24 McNemar test was used to test the proportions of response over time. Kaplan-Meier curves were used to estimate the probabilities of overall survival (OS) and cumulative incidence was used to estimate the probability of TRM and chronic GVHD through 2 years after treatment, treating relapse as a competing risk for TRM and non-GVHD death as a competing risk for chronic GVHD. 25, 26 Cox regression analysis was used to asses the effect of response on OS and the Fine and Gray competing hazards regression analysis was used for TRM. 27, 28 Likelihood ratios were calculated for each model containing the day 14, day 28, and day 56 response scores after adjusting for CMV serostatus (recipient negative/donor negative vs recipient negative/donor positive vs recipient positive), age (Ͻ 10 vs 10-17 vs 18-35 vs Ն36 years), disease risk (standard vs high), donor type (matched sibling vs URD well matched vs URD partially matched vs URD or sibling mismatched vs single UCB vs double UCB), conditioning (myeloablative [MA] vs nonmyeloablative [NMA]), initial acute GVHD grade at treatment initiation (I vs II versus III-IV), affected organs (skin only vs other), GVHD prophylaxis (MTX/antithymocyte globulin/ prednisone vs T-cell depletion vs CSA-containing therapy) and days to treatment (Ͻ 28 vs Ն 28). Although a likelihood ratio indicates that there is a trend toward better prediction of an outcome, there is no formal statistical test to compare these. A more formal statistical test was performed to compare the responses as predictors of TRM by computing an index of concordance, the C statistic (C). This statistic, derived by Harrel et al, 29 estimates the probability that, of 2 randomly chosen pairs of patients, the patient with the higher response will outlive the patient with the lower response. Values of C near 0.5 indicate that the response is no better than chance in determining which patient will live longer. Values of C near 1.0 indicate the response virtually always determines that the patient with the higher response has better survival. Certain pairs of observations were excluded from the calculation because of (1) pairs who had equivalent index response, (2) subsequent pairs who were both censored at the time of analysis, or (3) pairs in which one patient was censored before the event of the other patient. For TRM, patients were censored at the time of relapse or disease progression. The C statistic was computed for survival and TRM based on time to event analysis over the first 2 years after transplantation. Standard errors for the difference in the C statistics for the 2 index scores were estimated by applying a bootstrap procedure to the dataset with the use of 100 bootstrap samples. 30 Table 2 . Initial GVHD organ involvement was skin only (n ϭ 498; 57%), gut only (n ϭ 146; 17%), liver only (n ϭ 7; 1%), or multiorgan (n ϭ 213; 25%). Before initiation of steroid therapy, initial GVHD grades were grade I in 230 patients (27%), grade II in 504 patients (58%), grade III in 119 patients (14%), and grade IV in 11 patients (1%). Median time to onset of GVHD from day of HCT was 32 days (range, 8-99 days). Median time to treatment with prednisone from day of HCT was 33 days (range, 8-99 days).
Results
Maximum initial GVHD stage in each organ is shown in
Response (CR, VGPR, PR, NR) at days 14, 28, and 56 after initiation of steroid therapy for acute GVHD is shown in Table 3 and Figure 1 . Overall response (CR ϩ VGPR ϩ PR) was observed in a similar proportion of patients over time, being 59% at day 14, 65% at day 28, and 62% at day 56. However, a greater proportion of patients achieved CR at the later time points (53% at day 28, and 55% at day 56) compared with day 14 (35%) (P Ͻ .01). In contrast, rates of VGPR (16%, 8%, 5%) (P Ͻ .01) and to less an extent PR (8%, 4%, 2%) (P Ͻ .01) decreased over time (day 14, 28, and 56, respectively), suggesting that patients who could respond had, for the most part, done so by day 28.
We then compared the incidence of response to steroid therapy by day of response, and agreement between treatment responses at each time point was measured (Table 4) . Patients with PR at day 14 were more likely to have changed their responses by day 28 or 56. Day 28 responses were more stable and were similar to day 56 responses ( ϭ 0.66; 95% CI, 0.61-0.70), whereas there was less agreement to day 14 responses ( ϭ 0.58; 95% CI, 0.53-0.62). There was less agreement between day 14 and day 56 responses ( ϭ 0.42; 95% CI, 0.37-0.48). This confirms the improvement in response between day 14 and day 28, and the near concordance of response between day 28 and day 56. This result held true when VGPR response was included with PR (data not shown).
Chronic GVHD
For the entire cohort of 864 patients, the cumulative incidence of chronic GVHD at 2 years after initiation of steroid therapy was 41% (95% CI, 37%-45%). The incidence was highest in patients with PR at day 28 of steroids for acute GVHD (58%; 95% CI, 40%-77%) versus patients with CR (43%; 95% CI, 38%-48%), VGPR (41%; 95% CI, 28%-54%), or NR (41%; 95% CI, 34%-48%; P Յ .001).
Transplant-related mortality
For the entire cohort of 864 patients, TRM at 2 years after initiation of steroid therapy for GVHD was 36% (95% CI, 33%-40%). TRM at 2 years was highest for the 269 patients with NR at day 28 (52%; 95% CI, 46%-59%) compared with patients with a response (26%; 95% CI, 22%-30%) for 461 patients with CR, 18% (95% CI, 9%-28%) for 66 patients with VGPR, and 36% (95% CI, 19%-53%) for 36 patients with PR (P Ͻ .001) as shown in Figure 2 .
We then analyzed the C statistic, an index of concordance, to measure the strength of association between response (CR, VGPR, PR, or NR) to GVHD therapy (at day 14, day 28, day 56) in predicting 2-year TRM. Day 28 responses (C ϭ 0.65) were slightly less predictive of TRM than day 56 responses (C ϭ 0.75; P Ͻ .001) yet were better than day 14 responses (C ϭ 0.57; P Ͻ .001). These findings held true when restricting the analysis to recipients of nonmyeloablative conditioning (n ϭ 128) or those who received UCB transplants (n ϭ 212; data not shown).
Because it is earlier, day 28 is a preferred time point over day 56 to promptly identify patients in need of additional GVHD therapy. Therefore, we used day 28 response as the endpoint in further analyses of factors associated with TRM. In multiple regression analysis, patients with NR at day 28 were 2.78 (95% CI, 2.17%-3.56%) times more likely to have 2-year TRM than patients achieving either CR, VGPR, or PR or patients with VGPR ϩ PR (P Ͻ .001; Table 5 ) at day 28. Other factors associated with significantly worse 2-year TRM include severe grades III to IV GVHD at the time of initial steroid treatment (relative risk [RR], 1.63; 95% CI, 1.00-2.66; P ϭ .05), skin-only GVHD (RR, 1.38; 95% CI, 1.01-1.89; P ϭ .04), and a high-risk diagnosis at the time of HCT (RR, 1.36; 95% CI, 1.07-1.73; P ϭ .01). In addition, older patients had significantly higher risk of TRM (P Ͻ .01). Two-year TRM was also significantly higher in recipients of partially matched URD (RR, 1.61; 95% CI, 1.09-2.38; P ϭ .02) and mismatched URD or sibling donor (RR, 1.88; 95% CI, 1.34-2.63; Values are no. of patients or n (%). 
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To verify the effect of baseline patient and transplantation factors on 2-year TRM, we revised the multiple regression analysis and excluded day 28 response as a factor in the analysis. We again observed that factors associated with higher 2-year TRM included severe grade III to IV GVHD at the time of initial steroid treatment (RR, 2.04; 95% CI, 1.28-3.27; P Ͻ .01), skin-only GVHD (RR, 1.35; 95% CI, 1.00-1.83; P ϭ .04), and a high-risk diagnosis at the time of HCT (RR, 1.32; 95% CI, 1.04-1.66; P ϭ .02), older patients (P Ͻ .01) and recipients of partially matched URD (RR, 1.77; 95% CI, 1.21-2.58; P Ͻ .01) and mismatched URD or sibling donor (RR, 2.33; 95% CI, 1.70-3.20; P Ͻ .001). To better assess skinonly GVHD as an independent factor determining TRM at 2 years, we repeated the multivariate analysis, excluding GVHD grade as possibly confounding the effect of skin-only GVHD. This revised regression model showed that independent of GVHD grade, patients with skin-only GVHD did not have a higher risk of TRM at 2 years (RR, 1.12; P ϭ .24).
In addition, 2-year TRM was higher in CMV seropositive recipients (RR, 1.28; 95% CI, 1.00-1.65; P ϭ .05). Thus, these observations confirm that the adverse effect of the GVHD response at day 28 was independent and not a surrogate for other clinically important risk factors for TRM.
Discussion
The preferred and most reliable endpoint for prospective clinical trials of acute GVHD therapy has not been established. Early therapy must control GVHD and also be permissive of long-term treatment success.
We chose TRM at 2 years instead of OS as the HCT outcome to correlate with GVHD response, to reduce the confounding influence of relapse in the analysis. Our data suggest that responses at day 28 or day 56 after initiation of GVHD therapy are similarly valid as endpoints for acute GVHD trials and predict the later, more consequential outcome of 2-year TRM. Because patients who fail initial response require prompt identification and initiation of secondary therapy, we now define treatment failure by early progression or NR by day 28 as the best endpoint to define a need for new therapies. Likewise, because response at day 28 had strong predictive value for better 2-year TRM, it represents a clear and valid early endpoint to determine the effectiveness of initial GVHD therapy, which also predicts long-term success. Day 14 response is less valid because it does not correlate well with day 28 or day 56 responses or reliably predict TRM. However, CR or PR was each valuable as early measures of favorable improvement and predicted 2-year TRM. Perhaps because of our stringent definition of PR versus NR, the survival of patients with PR paralleled that of patients with CR and a substantial fraction of even the patients with early NR enjoyed 2-year survival; generally after secondary therapy for acute and later chronic GVHD.
Our results do not support the use of VGPR as the optimal endpoint for GVHD trials. However, our definition of VGPR in this retrospective analysis differs somewhat from that proposed by Martin et al 7 which incorporates a functional component to the definition, not fully addressable in a retrospective review. Similarly, a proposed acute GVHD activity index (GVHD activity index [AI]) 31 also incorporates an overall performance score that may be confounded by concurrent, non-GVHD-related toxicities such as infection. Functional VGPR and GVHD AI will be difficult to assess in multicenter studies and are not testable in retrospective analyses in which performance status and oral caloric intake might be unavailable. Functional VGPR and/or acute GVHD AI could also correlate with TRM, but they need to be validated retrospectively and formally tested in prospective GVHD trials.
Although the group of patients in this analysis was heterogeneous, our results were consistent when sizeable cohorts of patients were analyzed separately, including 128 recipients of nonmyeloablative conditioning or 212 recipients of UCB. For each of these subsets, there were sufficient numbers of patients to conclude that day 28 was the best early endpoint for acute GVHD therapeutic trials. The multiple regression analysis identified no significant interactions with graft source or conditioning intensity. In this multiple regression analysis, considering all pertinent patients and transplantation variables, patients with NR at day 28 were still significantly more likely to experience TRM at 2 years than patients with a response.
In earlier trials of acute GVHD therapy, overall or organspecific responses to therapy, TRM, or survival were used as primary endpoints, but they were most often not tested against longer term, more robust outcomes. [1] [2] [3] [4] [5] [6] Reliable judgments about the value of any therapy for acute GVHD must measure both control of GVHD symptoms; be permissive of steroid withdrawal; and control the risks of opportunistic infection, chronic GHVD, and later TRM. We propose that day 28 response, including PR or CR, be incorporated as the early target, which can predict the later, and more critical outcomes for patients with acute GVHD.
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